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INVESTIGATION O F  MAGNETIC FIELDS 

ON THE SUN 

Vestnik Akademii Nauk SSSR, by 
Tom 4, pp 46-50, B.A.  Ioshpa and 
Moscow, A p r i l ,  1 9 6 8 .  V.N. Obridko 

SUMMARY 

This review paper  considers s t u d i e s  of m a g n e t i c  f i e l d s  on 
t h e  Sun as a major c o n t r i b u t i o n  t o  t h e  exp lana t ion  of t h e  m u l t i -  
tude  of  e v e n t s  i n  t h e  Sun, these in f luenc ing  i n  t h e i r  t u r n ,  those 
n e a r  t he  Ea r th .  

F i r s t  t h e  h i s t o r y  i s  given of i n v e s t i g a t i o n s  of magnetic 
f i e l d s  on t h e  Sun, p a r t i c u l a r  a t t e n t i o n  being p a i d  t o  sunspots .  
The a u t h o r s  then d e s c r i b e  t h e  use by I Z M I R A N  s i n c e  1 9 6 2 ,  of 
p h o t o e l e c t r i c  magnetographs f o r  t h e  de te rmina t ion  of t h e  f i e l d  
component a long  t h e  v i s u a l  ray ,  w i t h  t h e  assumption t h a t  beyond 
t h e  s p o t  penumbra t h e  magnetic f i e l d  drops s h a r p l y  t o  zero .  The 
measurements w e r e  conducted s i n c e  then by means of  a c i r c u l a r  
p o l a r i z a t i o n  ana lyze r ,  t h e  d i s t a n c e  measures between t h e  Zeeman 
components y i e l d i n g  t h e  magnitude of t h e  magnetic f i e l d  a t  t h e  
i n v e s t i g a t e d  p o i n t .  

Two t r e n d s  i n  t h e  s t u d i e s  are emphasized f o r  t h e  l a s t  decade: 
t h e  s t u d y  o f  local  magnetic f i e l d s  w i t h  h igh  r e s o l u t i o n  and t h e  
re f inement  of macroscopical  r e g u l a r i t i e s  and of s t r u c t u r a l  i n t e r -  
r e l a t i o n  of  v a r i o a s  c h a r a c t e r i s t i c  diiiiensions . 

The mechanism of so la r  f l a r e s  i s  examined and t h e  l a t t e r ' s  
s t r u c t u r e  i s  found t o  be very i r r e g u l a r .  F i laments ,  prominence, 
f a c u l a e  and f l o c c u l i  are s t u d i e d  a longs ide  wi th  t h e  chromosphere 
i n  g e n e r a l .  

I n  t h e  f i n a l  resor t  it i s  concluded t h a t  t h e  r e l a t i o n s h i p  
between a l l  t h e  elements  of t h e  s t r u c t u r a l  h i e r a r c h y  and a c t i v e  
e v e n t s  on t h e  Sun deserve  f u r t h e r  d e t a i l e d  s tudy .  

* 
* * 

The p rocesses  t a k i n g  p lace  nea r  Ear th  are in f luenced  i n  one 
o r  a n o t h e r  way, by p r a c t i c a l l y  a l l  t h e  events  on t h e  Sun. I n  view 
of t h i s ,  t h e  i n v e s t i g a t i o n  of t h e  mechanism, b inding  i n t o  one a l l  



2 

t h e  d i v e r s i f i e d  even t s  of s o l a r  a c t i v i t y ,  i . e .  t h e  magnet ic  
f i e l d s  on t h e  Sun, i s  of p a r t i c u l a r  importance.  

The f i r s t  i n v e s t i g a t i o n s  of  magnet ic  f i e l d s  on t h e  Sun 
w e r e  c 3 r r i e d  ou t  a t  t he  t u r n  of o u r  century  by t h e  American 
s c i e n t i s t  G.  H a l e .  I n  t h e  course of t h e  fol lowing t h r e e  decades,  
s u c h  i n v e s t i g a t i o n s  w e r e  conducted e x c l u s i v e l y  a t  t h e  Mount 
Wilson  Observatory ( U S A ) .  They enabled  us t o  o b t a i n  a series 
of r e s u l t s ,  concerning t h e  a s c e r t a i n i n g  of s t a t i s t i c a l  mechanisms 
of magnet ic  f i e l d s  s t r u c t u r e  and e v o l u t i o n .  P a r t i c u l a r  a t t e n t i o n  
was p a i d  t o  one of the m o s t  powerful m a n i f e s t a t i o n s  of s o l a r  
a c t i v i t y ,  namely t o  sunspots .  However, on account  of r a t h e r  low 
s p a t i a l  r e s o l u t i o n ,  t h e  r e s u l t s  ob ta ined  gave only an averaged 
p a t t e r n  of s p o t  f i e l d  d i s t r i b u t i o n .  

I t  w a s  d i scovered ,  t h a t  sunspots  from t h e  so  c a l l e d  b i p o l a r  
g roups ,  which c o n s i s t  of t w o  s p o t s  or  two o t h e r  s p o t  groups,  are 
d i v i d e d  a long  t h e  l a t i t u d e  and have an oppos i t e  magnetic p o l a r i t y .  
The d i s t r i b u t i o n  of  t he  l a t t e r  i s  s u b j e c t  t o  t h e  mechanism e s t a b -  
l i s h e d  by Hale, 1.e. t h e  r e c i p r o c a l  p o s i t i o n  of a r e a  l a y o u t  w i th  
d i f f e r e n t  magnet ic  p o l a r i t i e s  i n  t h e  b i p o l a r  groups i n  t h e  no r the rn  
and sou the rn  hemispheres is oppos i te :  t h e  whole p o l a r i t y  system 
remains i n v a r i a b l e  i n  t h e  course of a given l l - y e a r  cyc le  of so la r  
a c t i v i t y ,  changing, however, a t  t h e  commencement of t h e  fo l lowing  
cyc le .  The i n v e s t i g a t i o n  o f  t he  magnet ic  f i e l d  l e d  t o  t h e  r ep re -  
s e n t a t i o n  of a fan-shaped s t r u c t u r e  of  magnetic l i n e s  of  force i n  
t h e  s p o t ,  whereupon i t  w a s  assumed t h a t  beyond t h e  s p o t  penumbra, 
t h e  magnet ic  f i e l d  drops very s h a r p l y  t o  zero.  

I n  t h e  middle of p a s t  decade, t h e  f i r s t  p h o t o e l e c t r i c  magne- 
tog raphs  f o r  t h e  de te rmina t ion  of t h e  f i e l d  component a long t h e  
v i s u a l  r ay  w e r e  cons t ruc t ed  f i r s t  i n  U.S .A .  and then i n  t h e  S o v i e t  
Union. This  immediately l e d  to  a s h a r p  i n c r e a s e  (by 2-3 orders) 
i n  t h e  s e n s i t i v i t y  of magnetic l o n g i t u d i n a l  f i e l d  measurements. 
A t  t h e  beginning of t h e  c u r r e n t  decade, w e  designed and b u i l t  
p h o t o e l e c t r i c  magnetographs of t h e  t o t a l  v e c t o r ,  which enab le s  us 
t o  i n v e s t i g a t e  t h e  magnitude a s  w e l l  as t h e  o r i e n t a t i o n  of l o c a l  
magnet ic  f i e l d s .  

Photographic  and p h o t o e l e c t r i c  measurements o f  s o l a r  magnet ic  
f i e l d s  have been conducted a t  t h e  I n s t i t u t e  of t e r r e s t r i a l  magnetism, 
ionosphere  and radiowaves o f  t h e  USSR Academy of Sc iences  (ISMIRAN) 
s i n c e  1 9 6 2 .  The Zeemar ,  s p l i t t i n g  p a t t e r n  i n  one of t h e  so l a r  spec-  
t r a l  l i n e s  i s  photographed by means of  c i r c u l a r  p o l a r i z a t i o n  ana lyze r .  
The d i s t a n c e  measurement between t h e  Zeeman components g i v e s  t h e  
magnitude of t h e  magnetic f i e l d  H at t h e  investigated p c l n t .  T h e  
improved H a l e ' s  method cons is t s  i n  t h e  u t i l i z a t i o n  of a s p e c i a l  mono- 
chromat ic  photographic  gu ide ,  which a l lows  t h e  t y i n g  wi th  g r e a t  
p r e c i s i o n  of  magnet ic  f i e l d  measurements wi th  t h e  d e t a i l s  on t h e  Sun 
and t h e  m a t e r i a l i z a t i o n  of d e t a i l e d  measurements i n s i d e  t h e  s p o t .  
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The p h o t o e l e c t r i c  magnetograph b u i l t  a t  I Z P I I R A N  o f f e r s  t h e  
p o s s i b i l i t y  of determining s imultaneously a l l  t h e  magnet ic  
f i e l d  components on t h e  Sun. The p r i n c i p l e  of t h e  method i s  
based upon t h e  emission modulation i n  t h e  wing of t h e  s o l a r  
s p e c t r a l  l i n e  by means of an e l e c t r o - o p t i c a l  modulator and t h e  
s e p a r a t i o n  of t h e  f i r s t  t w o  photocurren t  harmonics. The measured 
s i g n a l s  enab le  us t o  f u l l y  determine a l l  t h e  p o l a r i s a t i o n  parame- 
ters of t h e  magne tosp l i t  l i n e ,  and consequent ly ,  t h e  magnitude 
and t h e  d i r e c t i o n  of the f i e l d .  

I n  t h e  works of l a s t  decade, i t  i s  p o s s i b l e  t o  s i n g l e  o u t  
two tendencies :  t h e  i n v e s t i g a t i o n  of l o c a l  magnetic f i e l d s  wi th  
high s e n s i t i v i t y  and high r e s o l u t i o n ;  t h e  ref inement  of macro- 
s c o p i c a l  r e g u l a r i t i e s  and o f  t h e  s t r u c t u r a l  i n t e r r e l a t i o n  of 
va r ious  c h a r a c t e r i s t i c  dimensions. 

The very f irst  i n v e s t i g a t i o n s  wi th  high r e s o l u t i o n  (Crimean 
As t rophys ica l  Observatory of  t h e  USSR. Academy of Sciences and 
I Z M I R A N ,  have a l r e a d y  shown, t h a t  t h e  magnetic f i e l d  of even 
o r d i n a r y  sunspo t s ,  d i f f e r s  very much from t h e  c l a s s i c a l  r ep resen -  
t a t i o n  of t h e  l i n e  of  f o r c e  f an ,  and has  a much more complex 
character. Only i n  t h e  very c e n t e r  of t h e  s p o t  does t h e  f i e l d  
approach a v e r t i c a l  cha rac t e r .  While receding  from t h e  c e n t e r ,  
t h e  l i n e s  of force, d e c l i n e  so s t r o n g l y  from t h e  normal t h a t  t h e  
f i e l d  is  p r a c t i c a l l y  e n t i r e l y  h o r i z o n t a l  as e a r l y  as i n  t h e  pe- 
numbra. A t  t h e  o u t e r  boundary of t h e  penumbra t h e  f i e l d  does n o t  
drop  t o  zero a t  a l l ,  b u t  cont inues  f a r  beyond i t s  bo rde r s .  Prac- 
t i c a l l y  i n  a l l  t h e  formations of active r eg ions  n e a r  s p o t s  ( i n  
f a c u l a e ,  f l o c c u l i ,  n e a r  chromospheric f i l a m e n t s )  t h e  f i e l d  reaches  
c o n s i d e r a b l e  magnitudes (50-300 gauss )  and most ly  h o r i z o n t a l l y  
( I Z M I R A N ,  S I B I Z M I R A N ) .  The series of works c a r r i e d  o u t  a t  I Z M I R A N ,  
p o i n t  t o  t h e  fac t  t h a t  t h e  s t r u c t u r e  of t h e  magnetic f i e l d  i n  
active formations i s  close t o  f o r c e - f r e e  ( E .  I .  Mogilevsky) . A t  
h igh  averaging t h e  d i s t r i b u t i o n  of  t h e  e n t i r e  f i e l d  magnitude i n  
t h e  s p o t  b a s i c a l y  s a t i s f i e s  the d i p o l e  p r i n c i p l e ,  b u t  i n  d e t a i l s ,  
c o n s i d e r a b l e  d e v i a t i o n s  a r e  revea led .  Numerous l o c a l  maxima and 
minima i n  t h e  f i e l d  of  t h e  s p o t  and r eg ions  of sha rp  p o l a r i t y  
changes are observed.  S t i l l  more s u b s t a n t i a l  anomalies are made 
a p p a r e n t  dur ing  t h e  i n v e s t i g a t i o n  of f i e l d  d i r e c t i o n s  i n  t h e  s p o t . .  
The s h a r p  var ia t ions  i n  l i n e  of force d i r e c t i o n s  and c r o s s i n g  
r e g i o n s ,  t h e  presence  of i r r e g u l a r  az imutha l  component, are t y p i c a l  
o f  t h e  m a j o r i t y  of s p o t s  (A.B. Severnyy) .  I t  w a s  r evea led ,  t h a t  
s p o t s  are r eg ions  of ex i s t ence  of s t r o n g  c u r r e n t s .  Measurements 
on s e v e r a l  levels i n  s o l a r  atmosphere show g r e a t  h e t e r o u e n e i t i e s  of 
t h e  maanet ic  f i e l d  i n  depth.  A t  obse rva t ions  on s e v e r a l  levels 
i s o l a t e d  f i e l d s  i n  the chromosphere w e r e  e s t a b l i s h e d  n e a r  t h e  s p o t s ,  
having  i n  s e v e r a l  s e p a r a t e  cases  even an oppos i t e  s i g n  by comparison 
w i t h  t h e  underlyincr f i e l d  

Lines  of n e u t r a l  as w e l l  as i o n i z e d  elements  a r e  s imul taneous ly  
observed  i n  sunspo t s .  T h i s  is e v i d e n t ,  t h a t  r e s i n n s  w i t h  very  
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d i s t i n c t  p h y s i c a l  c o n d i t i o n s ,  temperature  and dens i ty-wise ,  
appa ren t ly  c o e x i s t  i n  t h e  spo t .  I n v e s t i g a t i o n  of magnetic f i e lds  
shows t h a t  i n  h o t t e r  r e g i o n s ,  t h e  f i e l d  i s  s u b s t a n t i a l l y  smaller 
than i n  t h e  c o l d e r  ones.  The p h y s i c a l  c o n d i t i o n s  i n  w a r m e r  
reg ions  appa ren t ly  a r e  c l o s e  t o  those  i n  t h e  undis turbed  photo- 
sphere .  Ev iden t ly ,  t h e s e  regions c o n s t i t u t e  impregnat ions of pho- 
t o s p h e r i c  m a t t e r .  The ,accounting of a sma l l  q u a n t i t y  (2-5 % by 
s u r f a c e )  of dense photospher ic  matter impregnation al lows us  t o  
c o n s t r u c t  as an average a r a r e f i e d  b u t  o p t i c a l l y  dense model, i n  
which a series ef r a r e f i e d  madel  difficulties are e l i m i n a t e d  
( V . N .  Obridko) .  

From t h e  s t a n d p o i n t  of  theory t h e  e x i s t e n c e  of cons ide rab le  
h e t e r o g e n e i t i e s  i n  t h e  s p o t  and i n  t h e  chromosphere, i s  n o t  unex- 
pec ted .  I n  connect ion wi th  t h e  magnetic f i e l d  energy preva lence  
over  o t h e r  forms of energy ,  t h e  magnetic f i e l d  i n  t h e  s p o t  and i n  
t h e  chromosphere should tend  t o  acqu i r e  a f r o c e - f r e e  s t r u c t u r e .  
I n  accordance wi th  computations ( F . A .  Yermakov) , t h e  emergence i n  
Tuch c o n d i t i o n s  of a heterogenous s t r u c t u r e  i s  p o s s i b l e ;  i n  it t h e  
f i e l d  d e s i n t e g r a t e s  i n  s e p a r a t e  t i n y  format ions  wi th  a fo rce - f r ee  
magnet ic  f i e l d ,  i . e . ,  subgranules ,  surrounded by quasihomogenous 
c u r r e n t l e s s  f i e l d  wi th  c o n s i d e r a b l y  reduced i n t e n s i t y ,  

The decreased  s p o t  b r i g h t n e s s  i s  exp la ined  by t h e  f a c t  t h a t  
convec t ion ,  t r a n s f e r r i n g  h e a t  from l o w e r  s o l a r  r eg ions  i n t o  t h e  
atmosphere,  i s  a r r e s t e d , i n  t h e  s p o t  by an i n t e n s e  magnetic f i e l d .  
H o w e v e r ,  d i r e c t  obse rva t ions  i n  cont inuous spectrum, showed t h e  
p re sence  i n  t h e  s p o t  penumbra of b r i g h t n e s s  h e t e r o g e n e i t i e s ,  which 
by shape ,  dimensions and c h a r a c t e r  of temporal  v a r i a t i o n s ,  sugges t  
very  s t r o n g l y  t h e  r e s u l t s  of  convect ion a c t i v i t y .  Besides ,  w i t h  
t h e  f u l l  h a l t  of convec t ion  i n  t h e  s p o t ,  t h e  temperature  i n s i d e  
s h o u l d  be cons ide rab ly  lower than t h a t  observed.  The computa*ions 
c a r r i e d  o u t  a t  I Z M I R A N  and ( I n s t i t u t e  o f  Phys ics  i n  t h e  name of 
P.I. Lebedev, of  t h e  USSR Academy of Sc iences  (Yu.D. Zhugzha, S.I. 
S y r o v a t s k i y ) ) ,  e s t a b l i s h e d  t h a t  t h e r e  t a k e s  p l a c e  i n  t h e  s p o t  a 
new type  of convec t ion  - t h e  v i b r a t i n g  convect ion.  Contrary t o  
t h e  u s u a l  c i r c u l a t i o n ,  a t  which  one and t h e  same l i q u i d  element 
f i r s t  rises upwards, coo l s  with h e a t  l i b e r a t i o n  and then drops 
down, i n  v i b r a t i n g  convect ion t h e  f l o a t i n g  of one element  i s  a t -  
t ended  by t h e  d e s c e n t  of t h e  a d j a c e n t  one.  Such a convect ion may 
e x i s t  i n  as s t r o n g  a f i e l d  as  d e s i r a b l e  and i t  appa ren t ly  l e a d s  
t o  t h e  emergence i n  i t  of  s t rong  f i e l d  h e t e r o g e n e i t i e s .  

The s t r u c t u r e  of s o l a r  f l a r e s  i s  a l s o  very  i r r e g u l a r .  The 
l a s t  i n v e s t i g a t i o n s  showed t h a t  a f l a r e  i s  appa ren t ly  composed 
of i l l a m e n t s  on ly  i o '  - iij'crn t h i c k .  
t o  ar ise  i n  t h e  r eg ion  o f  sharp v a r i a t i o n s  i n  t h e  magnitude and 
t h e  azimuth of t h e  f i e l d ;  even c r o s s i n g  of l i n e s  of f o r c e  was 
n o t i c e d  i n  numerous cases  (A.B.  Severnyy) .  

-. 'xne f l a r e s  show d terideiicy 

F i e l d  measurements i n  prominences and f i l a m e n t s  on t h e  d i s k  
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l e d  t o  several unexpected r e s u l t s .  The f i e l d  i n  prominences, 
l o c a t e d  r a t h e r  high above t h e  a c t i v e  r eg ion  (10-20  thousand k m ) ,  
reaches  cons ide rab le  magnitudes - from s o m e  t e n s  t o  some hundred 
of gauss .  I n  a series of cases a f i e l d  of Q 1 0 0  gauss w a s  
measured i n  prominences n o t  having any apparent  r e l a t i o n  t o  t h e  
a c t i v e  r eg ion  on t h e  d i s k .  T h i s  r e s u l t  i s  i n t e r p r e t e d  as evidence 
of t h e  presence of an i n t e r n a l  prominence f i e l d  t i e d  up wi th  a f i e l d  
b e l o w  a t  t h e  ends of f i l amen t .  The f i e l d  v a r i a t i o n  wi th  a l t i t u d e  
i n  series of prominences is not  monotonic. The maximum f i e l d  
va lue  i s  f r e q u e n t l y  observed i n  t h e  c e n t r a l  p a r t  of a prominence. 
The f i e l d  n e a r  chromospheric f i l amen t s  reveals s i g n s  of a double 
s t r u c t u r e :  i t  c o n s t i t u t e s  a combination of an e x t e r n a l  f i e l d ,  a t  
whose arched s t r u c t u r e  apex l i es  t h e  f i l a m e n t ,  and an i n t e r n a l  
f i e l d  d i r e c t e d  along t h e  f i l amen t  (B.A. I o s h p a ) .  Such a s t r u c t u r e ,  
p o s s i b l y ,  creates m o r e  advantageous cond i t ions  f o r  t h e  maintenance 
and t h e  s t a b i l i t y  of t h e  f i lament .  

The ques t ion  about t h e  magnitude of magnet ic  f i e l d  i n t e n s i t y  
above t h e  s p o t  i s  impor tan t  f o r  t h e  i n t e r p r e t a t i o n  of p o l a r i z e d  
rad ioemiss ion  on cen t ime te r  waves. I t  appeared, t h a t  r a d i o  sou rces  
are very  a c c u r a t e l y  d i sposed  above t h e  sunspot  n u c l e i ,  and have an 
area comparable t o  them. Usually t h i s  r a d i a t i o n  i s  exp la ined  by 
a magnet ic  bremmstrahlung mechanism. Such a mechanism r e q u i r e s  
ex t remly  great  i n t e n s i t i e s  a t  t h e  r a d i a t i o n  formation l e v e l  (1000- 
1 4 0 0  g a u s s ) ,  which i s  g e n e r a l l y  cons idered  t o  be e q u a l  t o  10-20  
thousands km. The e x i s t i n g  sunspot  models do  n o t  y i e l d  such i n -  
t e n s i t i e s  a t  t h e  i n d i c a t e d  a l t i t u d e  (accord ing  t o  t h e  s t a n d a r d  
d i p o l e  l a w  t h e  i n t e n s i t i e s  are 3-5 t i m e s  l o w e r  even on t h e  sunspot  
a x i s ) .  I t  i s  very  d i f f i c u l t  t o  assume t h a t  t h e  tube  of f o r c e  
r eaches  such a l t i t u d e s  almost wi thou t  widening, inasmuch as t h e r e  
i s  no  force i n  t h e  chromosphere and corona t h a t  could have s topped 
it f r o m  expanding. That is why i t  i s  necessary  t o  d i s c u s s  once 
a g a i n  t h e  p o s s i b i l i t y  of employing o t h e r  r a d i a t i o n  mechanisms. 
Another approach w a s  demonstrated by M.A. L i v s h i t z ,  V.N. Obridko 
and S . B .  P i k e l ' n e r .  They showed t h a t  above t h e  sunspot  t h e  corona 
i s  lowered. A t  t h a t ,  t h e  o u t l e t  level of p o l a r i z e d  cen t ime te r  
emis s ion  i s  l o c a t e d  a t  3-5 thousand km. The va lues  of t h e  f i e l d  
N % 1 0 0 0  gauss  a t  t h e  g iven  a l t i t u d e  i s  q u i t e  t r u e .  F o r  such a 
model, it i s  p o s s i b l e  t o  exp la in  t h e  spectrum, t h e  p o l a r i z a t i o n  and 
t h e  v a r i a t i o n ;  t h e  c e n t e r  being t h e  edge f o r  rad iosources .  ( ? ) *  

F o r  t h e  i n v e s t i g a t i o n  of t h e  g e n e r a l  f i e l d  of t h e  Sun t h e  
d i s c o v e r y  of  i t s  f i n e  s t r u c t u r e  i s  o f  p a r t i c u l a r l y  g r e a t  s i g n i f i c a n c e .  
According t o  t h e  f i rs t  obse rva t ions  c a r r i e d  o u t  by G. Babcock (USA) 
i n  the magnetosphere w i t h  high s e n s i t i v i t y ,  b u t  w i th  low s p a t i a l  

g a u s s ,  which i s  cons iderably  less than  t h e  va lue  i n i t i a l l y  de r ived  
by G .  H a l e .  The whole f i e l d  v a r i e s  wi th  t h e  22-year p e r i o d ,  b u t  

resnl l l t i  nn ~ t h e  i ntanci t i 7  of the fie12 axW~era.;ed areufid 2-4  
1 -----------, -.a- &.I --*I-- - 

* [The Russian t e x t  h e r e  is very foggy].  
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t h e  phase of t h e s e  o s c i l l a t i o n s  i s  s h i f t e d  by one f o u r t h  of 
t h e  p e r i o d  by comparison w i t h  t h e  usua l  cyc le  of so l a r  a c t i v i t y ,  
determined by t h e  number of sunspots  and t h e  l a w s  of magnetic 
p o l a r i t y .  Such v a r i a t i o n s  bear an i r r e g u l a r  character and i n  
some y e a r s  t h e  p o l a r i t y  of t h e  f i e l d  had  one and t h e  same charac- 
t e r  a t  bo th  po le s  of t h e  Sun. The obse rva t ions  of g e n e r a l  f i e l d  
w i t h  h igh  r e s o l u t i o n  a t  Crimean Ast rophys ica l  Observatory,  i m -  
media te ly  l e d  t o  t h e  discovery of i t s  del icate  s t r u c t u r e .  I t  
w a s  r e v e a l e d  t h a t  on t h e  very same pole  there are r eg ions  of 
d i f f e r e n t  p o l a r i t y  w i t h  a r a t h e r  extended f i e l d  ( ~ p  t o  several 
t e n s  of g a u s s ) .  The characterist ic dimensions of these r eg ions  
d i f f e r  w i t h i n  a q u i t e  broad range ( 5 - 3 0 " ) .  The f ie lds  f r e q u e n t l y  
vary i n  volume and s i g n .  
are n o t  balanced:  t h e  causes  of t h i s  phenomenon are s t i l l  unc lea r .  

The f i e l d  streams of d i f f e r e n t  p o l a r i t i e s  

The d iscovery  of magnetic f i e l d ' s  f i n e  s t r u c t u r e  as a 
t y p i c a l  c h a r a c t e r i s t i c  of s o l a r  plasma opens a way t o  solve a 
series of d i f f i c u l t  problems of  so l a r -phys ic s .  I n  t h e  first p l a c e  
i t  concerns q u e s t i o n s  regard ing  temporal v a r i a t i o n s  i n  s o l a r  plasma; 
t h e  l a t t e r  being f rozen- in  i n t o  t h e  magnetic f i e l d  should be slow- 
a c t i n g  i n  i t s  v a r i a t i o n s .  The ohmic d i s s i p a t i o n  t i m e  t D  i s  c(cr(;:-,). 
With t h e  decrease of c h a r a c t e r i s t i c  dimensions by 1-2 orders, t h e  
t i m e  of ohmic d i s s i p a t i o n ,  i s  s u b s t a n t i a l l y  c u r t a i l e d .  

1 

C? 

I n  r e c e n t  y e a r s  t h e r e  also appeared some works on macrosco- 
p i c a l  r e g u l a r i t i e s  of d i s t r i b u t i o n  of magnetic f i e l d s  on t h e  so la r  
d i s k  and on t h e  r e l a t i o n s h i p  of loca l  f i e l d s  w i t h  the  g e n e r a l  
f i e l d  of t h e  Sun. Observat ions w i t h  h i g h - s e n s i t i v i t y  by V.  B o o m b a  
(Czechoslovakia)  and R.  H o w a r d  (USA) have shown t h a t  t h e  bulk of 
s o l a r  s u r f a c e  i s  occupied by magnetic f i e l d s  exceeding several 
gauss .  This  cont inuous ly  e x i s t i n g  magnetic background w a s  gene- 
r a t e d  as a r e s u l t  of t h e  decay of o l d  active c e n t e r s .  The back- 
ground f ie lds  are grouped i n s i d e  s e p a r a t e  l o n g i t u d i n a l  zones and 
can be traced sometimes i n  t h e  course  of a who le  y e a r ,  a l though 
t h e i r  contours  cont inuous ly  undergo slow v a r i a t i o n s .  A s  a r e s u l t  
of expansion and Sun ' s  d i f f e r e n t i a l  r o t a t i o n  e f fec t ,  (with t h e  dec- 
rease of l a t i t u d e ,  t h e  r o t a t i o n  velocity i n c r e a s e s )  these l a r g e -  
scale background f i e l d s  are extended and s h i f t e d  t o  t h e  poles .  I n  
each hemisphere mostly reg ions  w i t h  p o l a r i t y  cor responding  t o  the 
one of t h e  e a s t e r n  b i p o l a r  group,  d r i f t  toward t h e  Pole .  

The expansion mechanism of  magnetic f i e l d ' s  r eg ion  w a s  sugges- 
ted by R. Leyt ton ( U S A ) .  According t o  t h i s  mechanism, t h e  mag- 
n e t i c  r eg ion  r e p r e s e n t s  a combination of s e p a r a t e  magnetic t ubes ,  

DruwrL-L'-' - -1- 1 JZL - rn,. . 

t i g h t l y  connected w i t h  supe rg ranu la t ion  ce l l s  w e l l  v i s i b l e  i n  t h e  
l i g h t  of t h e  i o n i z e d  calcium K-line forming t h e  so c a l l e d  chromo- 
s p h e r i c  n e t ,  which covers  a l l  t h e  " q u i e t "  s u r f a c e  of t h e  Sun. The 
mean diameter of t h e  cel ls  i s  around 30 thousand km. The motions 
i n s i d e  t h e  cel ls  i s  predominantly h o r i z o n t a l  and d i r e c t e d  from t h e  

~ y p e  ~ U L I L ~ .  i z i e  magnetic t u b e s  are 11mi4-..---< -- IIranJorL" n----- 
U A A U G A L J U L l L Y  
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c e n t e r  of t h e  ce l l s  t o  t h e  edges; t h e  mean v e l o c i t y  i s  about  0 . 5  
km/sec. Apparent ly ,  these motions lead t o  t h e  concen t r a t ion  of 
magnet ic  l i n e s  of f o r c e  a t  t h e  edge of cells .  Every magnet ic  
tube, connected wi th  such a c e l l ,  can be cons idered  as a s e p a r a t e  
magnet ic  e lement  ("atom") , p a r t i c i p a t i n g  i n  t h e  d i f f u s i o n  which 
is  determined by t h e  nons ta t iona ry  s t a t e  of  t h e  pho tosphe r i c  
f i e l d  velocit ies.  

As a r e s u l t  of d i f f u s i o n  sp read ing ,  t he  r eg ion  of magnetic 
f i e l d  expands,  whi le  t h e  mean i n t e n s i t y  decreases .  
impos i t i on  of d i f f e r e n t i a l  r o t a t i o n  on this e f fec t  causes  t h e  
emergence i n  t h e  p o l a r  reg ions  of t h e  Sun, of f i e l d s  w i t h  an i n t e n -  
s i t y  of about  one gauss ,  changing s i g n  dur ing  t h e  p e r i o d  of solar  
c y c l e  maximum. Thus, the  w o r k s  of l a t e r  y e a r s ,  enabled  us t o  
e s t a b l i s h  g e n e t i c  dependence between l o c a l  magnet ic  f i e l d s  on t h e  
Sun and t h e  f i e l d  i n  p o l a r  r eg ions  ( t h e  s o  c a l l e d  g e n e r a l  f i e l d  of 
t h e  Sun) .  Apparent ly ,  i n  t h e  g e n e r a l  r e p r e s e n t a t i o n  t h e r e  is  no 
i d e a  of t h e  g e n e r a l  f i e l d  of t h e  Sun ( i . e .  d i p o l e  f i e l d ,  connected 
w i t h  c u r r e n t s  i n  t h e  deep-seated so l a r  r e g i o n s ) ,  o r  else it is  too 
s m a l l  t o  d e t e c t  by t h e  e x i s t i n g  methods. The s u p e r f i c i a l  charac- 
t e r  of t h e  p o l a r  f i e l d  and i t s  r e l a t i o n s h i p  wi th  loca l  f i e l d s '  ex- 
pans ion ,  he lped  t o  e l i m i n a t e  t h e  c o n t r a d i c t i o n  whereby t h e  t i m e  of 
e s s e n t i a l  v a r i a t i o n  of t h e  d i p o l e  f i e l d  should  be around 1 0  b i l l i o n  
y e a r s ,  w h i l e  t h e  p e r i o d  under obse rva t ion  of p o l a r  f i e l d  v a r i a t i o n  
is  of % 22 y e a r s .  On t h e  other hand, f o r  t h e  emergence of magnetic 
f ie lds  i n  active r e g i o n s ,  and p a r t i c u l a r l y  of magnetic f i e l d s  i n  
t h e  s p o t s ,  t h e  presence of "baying" f i e l d ,  t h e  n a t u r e  of which i s  
s t i l l  n o t  clear, is  appa ren t ly  necessary .  T h a t  i s  why t h e  q u e s t i o n  
abou t  t h e  e x i s t e n c e  of a g e n e r a l  f i e l d  of t h e  Sun and i t s  p h y s i c a l  
n a t u r e  are n o t  d e f i n i t e l y  e l u c i d a t e d -  

The super-  

The concen t r a t ion  of background f i e l d s  i n s i d e  c e r t a i n  longi -  
t u d i n a l  r e g i o n s  i s  appa ren t ly  connected w i t h  an i n t e r e s t i n g  fact ,  
t h a t  t h e  new active c e n t e r s  appear i n  t h e  r e g i o n s ,  where there i s  
a l r e a d y  a background f i e l d  (V. Boomba, R.  H o w a r d ) .  Thus, t h e r e  
e x i s t s  a success iveness ,  the  g e n e t i c  connect ion between t h e  o l d  and 
t h e  new active c e n t e r s ,  t h e  i n v e s t i g a t i o n  of which should b r i n g  t o  
a ? b e t t e r  unders tanding  of the r easons  of t h e  emergence of active 
r e g i o n s  on t h e  Sun. 

I n  r e c e n t  y e a r s  some works appeared (V.Boomba), which enabled  
t o  assume t h e  presence  of a deep i n t e r n a l  dependence between super-  
g r a n u l a r  s t r u c t u r e  of chromosphere and o t h e r  a c t i v e  formations on 
t h e  Sun, among them t h e  sunspots .  I t  has  been shown, t h a t  t h e  
s p o t  begins  t o  develop i n  t h e  space  between supergranules  - there,  
where t h e  magnetic field is hicjher .  Gradual ly  t h e  s p o t  i nunda te s  
t h e  supe rg ranu les .  The s p o t  w a s  found t o  be s t e a d i e r ,  when i t s  
area i s  e q u a l  t o  t h a t  of s e v e r a l  supergranules .  There i s  a d e f i n i t e  
connec t ion  between t h e  s i te  of f i l a m e n t  f l a r e  emergence and t h e  
s u p e r g r a n u l a r  s t r u c t u r e .  
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Analyzing t h e  c h a r a c t e r  of magnetic f i e l d  d i s t r i b u t i o n  on 
t h e  so l a r  d i s k ,  it i s  p o s s i b l e  t o  reach t h e  conclus ion  about  a 
c e r t a i n  s t r u c t u r e  h i e r a r c h y  of t h e  magnetic f i e l d  and of t h e  
v e l o c i t y  f i e l d  on t h e  Sun. The photospher ic  g r a n u l e  corresponds 
t o  t h e  l o w e r  stage of t h i s  h i e r a r c h y ,  t h e  supe rg ranu le  - t o  t h e  
middle ,  and t h e  h y p o t h e t i c a l  g i g a n t i c  g ranu le  t o  t h e  upper ,  t h e  
dimension of which c o n s t i t u t e  approximately 400 thousand km. 
The dimensions of consecut ive  elements  of h i e r a r c h y  as w e l l  as 
t h e i r  life-times d i f f e r  approximately by one o r d e r .  The connec- 
t i o n  between t h e  elements  of such  an h i e r a r c h y  and active occur- 
rences on t h e  Sun deserve  a f u r t h e r  d e t a i l e d  inves t iga t ion .  

* * * THE END * * * 
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